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(54) Optical information recording and/or reproducing apparatus 

(57) An optical information recording and/or reproducing apparatus has a detecting apparatus for detecting a tracking 
error signal. The detecting apparatus includes a spot forming system for forming three spots of a main spot, a first 
subspot, and a second subspot on an optical information recording medium, a light-receiving system for receiving re- 
flected light from the three spots through light-receiving elements corresponding to the respective spots, a first detecting 
system lor detecting a tracking error signal, using an output from the light-receiving element corresponding to the main 
spot or using outputs from the light-receiving elements corresponding to the main spot, the first subspot, and the second 
subspot, if there are tracking guide grooves in the optical information recording medium, and a second detecting system 
for detecting a tracking error signal, using an output from the light-receiving element corresponding to the first subspot 
and an output from the light-receiving element corresponding to the second subspot, if there is no tracking guide groove 
in the optical information recording medium. 
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Description 

The present invention relates to an optical informa- 
tion recording and/or reproducing apparatus for perform- 
ing recording and reproduction of information on and 
from an optical information recording medium or for per- 
forming only reproduction of information, and more par- 
ticularly to a method for detecting a tracking error signal. 
The optical information recording and/or reproducing ap- 
paratus of the present invention can be applied to those 
for performing recording and reproduction of information 
or for performing reproduction of information, for both op- 
tical information recording media with tracking guide 
grooves and optical information recording media without 
tracking guide grooves. 

With discs having no tracking guide groove but hav- 
ing pit series, such as CDs (compact discs), a conven- 
tional method for detecting a tracking error signal of an 
optical head in an optical disc apparatus is one using 
three beams, for example as described in the book "In- 
troduction to Video Discs and DAD n (first edition, Novem- 
ber 1 , 1 982) published by Kabushiki Kaisha Corona Sha. 
Fig. 1 shows spots on a disc, and error detecting sensors 
and a circuit system as described in the book. 

In Fig. 1, a main spot SP1 and two subspots SP2 
and SP3 are formed at equal intervals on the optical disc 
having pit series. The track pitch between pit series is P. 
A radial separation between the main spot SP1 and the 
subspot SP2 or SP3 is Q. Spots SP4, SP5, SP6 on sen- 
sors S1 , S2, S3 correspond to the spots SP1 , SP2, SP3, 
respectively, on the optical disc. 

A tracking error signal TEO is obtained as an output 
from a differential amplifier of S2 and S3 (the so-called 
three beam method). If the separation is changed to X 
(ujti) between the center of the main spot SP1 and the 
center of the subspot SP2 (or subspot SP3) in the radial 
direction of disc (tracking direction), an output from S2 
and an output from S3 can be approximated as follows 
with elementary functions, assuming that average out- 
puts thereof are equal to each other and equal to 1 . 
output from S2 = 1 + cos(kX - kQ) 

output from S3 = 1 + cos(kX + kQ), k = 27t/P 
Thus, taking a difference between the above outputs as 
a tracking error signal TEO, the amplitude is proportional 
to sin(kQ). Since the tracking pitch P = 1.6 u.m for CDs 
etc., the absolute value of the amplitude can be illustrat- 
ed as shown by 3Beam_1 .6 (solid line) in Fig. 2. 

Thus, this conventional example is arranged to max- 
imize the signal amplitude of the tracking error signal 
TEO by setting the separation Q between the center of 
spot and a track approximately to Q = 0.4 u.m from Q = 
P/4. 

With discs having tracking guide grooves, such as 
magnetooptical discs, an example of a detection method 
using three beams is one described in Japanese Patent 
Publication No. 4-34212. Fig. 3 shows spots on a disc, 
and error detecting sensors and a circuit system as de- 
scribed in the publication. 



In Fig. 3, a main spot SP1 and two subspots SP2 
and SP3 are formed at equal intervals on an optical disc 
having alternate recording lands LD and guide grooves 
GR. The track pitch between grooves GR or between 
5 lands LD is P. A disc-radial separation between the cent- 
er of the main spot SP1 and the center of the subspot 
SP2 or SP3 is Q. The spots SP4, SP5 : SP6 on the sen- 
sors S1 , S2, S3 correspond to the spots SP1 , SP2, SP3, 
respectively, on the optical disc. The sensors S1 , S2, S3 
io each have their partings corresponding to the track di- 
rection on the optical disc and are composed of seg- 
ments SA1 and SB1, segment SA2 and SB2, and seg- 
ments SA3and SB3, respectively. Outputs from the seg- 
ments in each sensor are guided through a differential 
is amplifier to obtain a tracking error signal TE1 , TE2, TE3. 
Further, a final tracking error signal TE is obtained 
through variable gain amplifiers G1 , G2. Then the ampli- 
fier G1 is set to an intensity ratio of SP4 and SP5, and 
the amplifier G2 to an intensity ratio of SP5 and SP6, 
thereby obtaining a tracking error signal TE4 without a 
dc component. These can be expressed as follows by 
elementary function approximation. If the separation is 
changed to X (u.m) between the center of the main spot 
SP1 and the center of the subspot SP2 (or subspot SP3) 
in the radial direction of disc, the tracking error signals 
TE1, TE2, TE3 can be expressed as follows, assuming 
that the amplitude for the main spot is 1 and the dc com- 
ponent is ot at that time. 

TE1 = sin(kX) + a 
TE2 = {sin(kX - kQ) + a}/G1 
TE3 = {sin(kX + kQ) + a}/G1/G2, k = 2n/P 
Here, the final tracking error signal is obtained as 
follows. 

TE4 = TE1 - G1 (TE2 + G2 X TE3) 
Then the amplitude of the tracking error signal TE4 
is proportional to (1 - cos(kQ)). 

Accordingly, this conventional example is arranged 
to maximize the signal amplitude of the tracking error sig- 
nal TE4 by Q = P/2. Fig. 2 also shows the cases of P = 
1 .6 urn, 1 .39 ujti, and 1 . 1 0 ujti as DPP_1 .6 (dotted line), 
DPP_1.39 (chain line), and DPP_1.1 (thin solid line). 
(This method is called as a differential push-pull method, 
which will be referred to hereinafter as DPP.) 

Incidentally, if a disc with grooves, for example ar- 
ranged at the pitch of 1 .6 urn is reproduced using the 
system of Fig. 1 set as Q = 0.4 (am, the amplitude of TEO 
is little, about 0.5 as a relative value, as seen from Fig. 
2. In contrast, if a disc without grooves, for example ar- 
ranged at the pitch of 1.6 |im, is reproduced using the 
system of Fig. 3, the amplitude of TE4 becomes about 
the half of the maximum value thereof, as seen from Fig. 
2. 

There are the following problems as well. 
The system of Fig. 1 is basically arranged to detect 
a change in light quantity of reflected light of each spot 
while the system of Fig. 3 is basically arranged to detect 
a differential output TE1, TE2, TE3 (so to speak, a 
push-pull signal) of two segments for each spot. Simpli- 
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tying it, behaviors of the light-quantity change and the 
push-pull signal are different against the depth of groove 
or pit depth <t>, as described, for example, in APPLIED 
OPTICS/1 July 1978/Vol. 17, No. 13 "Simplified diffrac- 
tion theory of the video disk." It is shown in Fig. 4. 

First considering CDs, the depth of pit is about 0. 1 1 
jam. Namely, assuming that the wavelength is 785 nm 
and the refractive index of substrate n = about 1 .55, $ 
becomes nearly equal to 0.44 n (where n is a half-wave 
length). Accordingly, the fight-quantity change becomes 
more than 90 % of the maximum (when the depth of pit 
is X/4n) of the light-quantity change in the three beam 
method. However, picking up a push-pull signal, it be- 
comes about 40 % of the maximum value of the tracking 
error signal in the push-pull method. Therefore, if track- 
ing follow-up is carried out based on the push-pull signal 
with a disc consisting of pit series such as a CD, the sys- 
tem would entail instability to the foliow-up operation. 

On the other hand, considering the magnetooptical 
disc, the depth of groove $ is approximately equal to 
about 0.25 n. Accordingly, the push-pull signal becomes 
a value nearly equal to the maximum value (when the 
depth of groove is X/Bn) of the tracking error signal in the 
push-pull method. In contrast, as to the light-quantity 
change, it becomes about 50 % of the maximum value 
of the light-quantity change in the three beam method. 
Therefore, if the three beam method is employed for 
tracking follow-up with the magnetooptical disc, the sys- 
tem would entail instability to the follow-up operation. 

As described above, the conventional examples are 
arranged to meet either one of the cases with and without 
grooves, which caused a problem that with attempt to 
reproduce or to record and reproduce information with 
different types of optical discs, the system was incapable 
of obtaining a sufficient amplitude of the tracking error 
signal, thus resulting in entailing instability to the fol- 
low-up operation in tracking follow-up. 

The present invention has been accomplished tak- 
ing account of the above problems in the conventional 
technology, and an object of the present invention is to 
provide an optical information reproducing apparatus or 
an optical information recording and/or reproducing ap- 
paratus capable of stably performing the tracking fol- 
low-up operation, irrespective of presence or absence of 
grooves. 

To achieve the above object, an optical information 
recording and/or reproducing apparatus according to the 
present invention is an apparatus for recording and re- 
producing information or for reproducing information, 
which is arranged to form at least a main spot, a first sub- 
spot, and a second subspot on an optical information re- 
cording medium and to form spots, corresponding to the 
respective spots on the recording medium, on light- re- 
ceiving elements associated with the respective spots, 
from reflected light of the three spots, 

wherein in performing tracking follow-up with a 
medium with tracking guide grooves, signals are taken 
f after the light-receiving elements are located, with re- 



spect to the main spot or three spots out of the three 
spots, at positions where partings nearly perpendicular 
to the tracking direction bisect the respective spots on 
the light-receiving elements, thereby obtaining a tracking 

5 error signal, and 

with a medium without tracking guide grooves, a 
tracking error signal is obtained from a difference be- 
tween an output from the light-receiving element asso- 
ciated with the first subspot and an output from the 

to light-receiving element associated with the second sub- 
spot. 

In the present invention, a sufficient amplitude of the 
tracking error signal is obtained irrespective of presence 
or absence of grooves (guide grooves), thus assuring 

*s stable tracking follow-up operation. 

Another optical information recording and/or repro- 
ducing apparatus according to the present invention is 
an optical information recording and/or reproducing ap- 
paratus for recording and reproducing information or for 

20 reproducing information, provided with an optical head 
for obtaining information on an optical information re- 
cording medium by forming at least a main spot, a first 
subspot, and a second subspot on the optical information 
recording medium and focusing reflected light of the 

2S three spots on light-receiving elements corresponding to 
the respective spots, 

wherein a spot separation in a direction (radial di- 
rection of disc) perpendicular to the track direction be- 
tween the main spot and the first or second subspot is 

30 changed by changing an angle of rotation of a diffraction 
grating for generating the three spots, depending upon 
presence or absence of track guide grooves in the optical 
information recording medium. 

The present invention involves such operation that 

3S the light-receiving elements for tracking detection for me- 
dia with tracking guide grooves (trenches) are different 
from those for media without tracking guide grooves, the 
separation between light spots on the optical disc, asso- 
ciated with the track spacing, is changed, depending 

40 upon characteristics of the tracking error signal detected 
by the light-receiving elements, to obtain the tracking er- 
ror signal at the maximum level, and the tracking control 
or tracking servo control is performed therewith. 

Since the optical information recording and/or repro- 

45 ducing apparatus is so arranged that with a medium with 
tracking guide grooves, the tracking error signal is ob- 
tained from the light-receiving portion for the main spot 
having four light-receiving elements and the light-receiv- 
ing portion for the subspots having two light-receiving el- 

so ements arranged in symmetry in the track direction and 
that with the medium without tracking guide grooves, the 
tracking error signal is obtained from a light-receiving 
portion of the subspots having two light-receiving ele- 
ments arranged in symmetry with the main spot in the 

ss track direction, the arrangement of changing the spot 
separation so as to match each of the media permits the 
tracking error signals to be obtained at the maximum lev- 
el as an optical information recording and/or reproducing 
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apparatus for recording and reproducing or for reproduc- 
ing information with the two types of media. 

Fig. 1 is a drawing to show a state of spots on an 
optical disc without grooves and a detection circuit s 
for detecting a tracking error in a conventional case; 
Fig. 2 is a graph to show a relationship between spot 
separation on the optical disc and relative tracking 
error amplitude obtained; 

Fig. 3 is a drawing to show a state of spots on an 10 
optical disc with grooves and a detection circuit for 
detecting a tracking error; 

Fig. 4 is a graph to show a relationship between the 
depth of pit or groove and the relative amplitude of 
light-quantity change or push-pull signal obtained; is 
Fig. 5 is a structural drawing of an optical system 
used in an apparatus associated with a first embod- 
iment according to the present invention; 
Fig. 6 is a conceptual drawing to show states of 
spots on optical discs in the first embodiment 20 
according to the present invention; 
Fig. 7 is a conceptual drawing to show light-receiving 
elements in an optical head in each embodiment 
according to the present invention and spots on the 
light-receiving elements; 2s 
Fig. 8 is a circuit diagram to show a circuit for detect- 
ing a tracking error with a disc with grooves in the 
apparatus according to an embodiment of the 
present invention; 

Fig. 9 is a circuit diagram to show a circuit for detect- 30 
ing a tracking error with a disc without grooves in the 
apparatus according to an embodiment of the 
present invention; 

Fig. 10 is a structural drawing of an optical system 
used in an apparatus associated with a second 35 
embodiment according to the present invention; and 
Fig. 1 1 is a conceptual drawing to show states of 
spots on optical discs in the second embodiment 
according to the present invention. 

40 

Specific embodiments of the present invention will 
be explained by reference to the drawings by way of ex- 
ample only. 

Fig. 5 shows the schematic structure of an optical 
head used in an optical information recording and/or re- 45 
producing apparatus according to an embodiment of the 
present invention. In the drawing, a light beam emitted 
from a semiconductor laser 1 is collimated by a collimator 
lens 2, and the thus collimated light is split into three 
beams by a diffraction grating 3. These beams are partly so 
reflected by a beam splitter 5, and the reflected beams 
are guided via a mirror 7 to be condensed by an objective 
8 and to be focused near a track 1 0 on an optical disc 9. 
Light transmitted by the beam splitter 5 is changed into 
an electric signal by a light-quantity monitoring sensor 6. ss 
Light reflected by the optical disc 9 is again collected by 
the objective 8 to be incident through the beam splitter 
5 into a Wollaston prism 1 1 . The Wollaston prism 1 1 splits 
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the reflected light into a plurality of beams. The thus split 
beams are guided through a toric lens 1 2 for generating 
astigmatism onto a sensor 13 functioning to detect RF 
signals and to detect servo signals. 

In the present embodiment, the spots on the optical 
disc 9 are arranged as shown in Fig. 6 in the cases with 
and without track guide grooves. 
Specifically, the subspot SP2 and subspot SP3 are laid 
approximately on a same pit series or groove (or land) 
as the main spot SP1 is, and the separation Q in the ra- 
dial direction of disc between the center of subspot SP2 
or subspot SP3 and the center of the main spot SP1 is 
set to about 0.53 ujti. The main spot SP1 is used to per- 
form recording and reproduction of information or to per- 
form reproduction of information. 

This setting is effected by rotation 4 about the optical 
axis of the diffraction grating 3 in Fig. 5. Namely, the spot 
separation Q can be set to about 0.53 u.m or in the range 
of 0.48 to 0.60 \xm by increasing the angle of rotation of 
the diffraction grating 3. 

The above setting value 0.53 urn was determined 
as follows. 

In previous Fig. 2, the solid line represents a rela- 
tionship between the separation X (urn) in the radial di- 
rection of disc between the center of the main spot SP1 
and the center of the subspot SP2 (or subspot SP3) and 
the amplitude (relative value) of the tracking error signal 
obtained when the three beam method was applied to 
the optical disc of the track pitch 1 .6 um Further, the dot- 
ted line represents a relationship between the separation 
X (u,m) in the radial direction of disc between the center 
of the main spot SP1 and the center of the subspot SP2 
(or subspot SP3) and the amplitude (relative value) of 
the tracking error signal obtained when DPP was applied 
to an optical disc of the tracking pitch 1 .6 ujti, and the 
chain line a relationship between the separation X (urn) 
in the radial direction of disc between the center of the 
main spot SP1 and the center of the subspot SP2 (or 
subspot SP3) and the amplitude (relative value) of the 
tracking error signal obtained when DPP was applied to 
an optical disc of the track pitch 1 .39 urn. The track pitch 
1 .39 urn was chosen as the minimum track pitch of mag- 
netooptical discs currently commercially available. Then 
an intersecting point between the solid line and the dot- 
ted line is about 0.56 ujti while an intersecting point be- 
tween the solid line and the chain line is 0.53 tarn. Further, 
Fig. 2 also shows a case of the track pitch 1 . 1 0 urn (thin 
solid line), which is expected as a next generation, and 
in that case the separation Q can be set to a further small- 
er value. 

It is seen from Fig. 2 that with the discs of the re- 
spective track pitches for DPP, sufficient amplitudes of 
the tracking error signal can be obtained in either method 
of the three beam method and DPP by setting the sep- 
aration X to near the intersecting point with the solid line. 

The present embodiment employed 0.53 um, con- 
sidering, in addition to the above, that track pitches dom- 
inating at present and in near future were 1.6 \im and 
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1 .39 u.m and that higher accuracy of tracking servo would 
be required with a decrease of track pitch. This setting 
value may be, however, selected in the range of 0.48 to 
0.60 jim, which can secure 70 or more % of the maximum 
value of the tracking error signal obtained in either meth- 
od of the three beam method and DPP even if taking ac- 
count of the next generation, thus obtaining a sufficient 
tracking error signal. 

From above, a desired setting value may be select- 
ed in the range of 0.48 to 0.60 jam, and for the current 
track separation, it is preferably 0.53 urn. 

Next explained is detection of the tracking error sig- 
nal. 

Fig. 7 shows the sensors of the present embodiment 
and the spots on the sensors. In Fig. 7, spots corre- 
sponding to the main spot SP1 are three spots SP4, SP7, 
SP8 separated by the Wollaston prism 11 . Spot SP7 and 
spot SP8 have mutually orthogonal directions of polari- 
zation, and spot SP4 is a spot in which the two directions 
of polarization are mixed. Signals other than the tracking 
error signal are obtained as follows. 

focus error signal in the astigmatic method 

= (A1 + A3) - (A2 + A4) 

magnetooptical signal = D - E 

pit signal = D, E, D + E, A1 + A2 + A3 + A4 : or any 

combination from the preceding four 
signals 

The tracking error signal is obtained from a combi- 
nation of spot SP5 and spot SP6 corresponding to the 
subspot SP2 and subspot SP3 with spot SP4 corre- 
sponding to the main spot SP1. The spot SP5 and spot 
SP6 are the same in terms of the direction of polarization 
as the spot SP4. 

With an optical disc with grooves, the tracking error 
signal is obtained from a circuit system shown in Fig. 8. 
Describing it in comparison with the conventional exam- 
ple, signals corresponding to TE1, TE2, TE3 in previous 
Fig. 3 are given as follows. 

TE1 = (A1 + A4)-(A2 + A3) 
TE2 = B2 - B1 
TE3 = C2-C1 
Then matching gains, a final tracking error signal 
TE4 is obtained. Alternatively, TE1 may be employed as 
a final tracking error signal. 

With an optical disc without grooves, the tracking er- 
ror signal is obtained from a circuit system shown in Fig. 
9. Namely, the tracking error signal is obtained as fol- 
lows. 

TE0= (C1 +C2) -(B1 + B2) 
As described previously, the separation Q may be se- 
lected in the range of 0. 48 to 0.60 um, and for the current 
track separation, it is preferably 0.53 u.m to obtain the 
tracking error signal at high level. 

In the first embodiment as described above, deter- 
f mination of whether an optical disc has grooves or not is 



made using outputs from the light-receiving element as- 
sociated with the main spot SP1. Namely, reflectivities 
of recording media without grooves such as CDs are 
high, about 80 %, while those of recording media with 
s grooves such as magnetooptical discs are low, about 20 
%. Thus, determination of whether a recording medium 
has grooves or not is made by detecting such a differ- 
ence between the reflectivities from a difference be- 
tween, quantities of reflected light. 
10 The second embodiment is next explained. Fig. 10 
shows the schematic structure of an optical head used 
in an optical information recording and/or reproducing 
apparatus according to the second embodiment of the 
invention. In Fig. 10, a light beam emitted from the sem- 

15 iconductor laser 1 is collimated by the collimator lens 2, 
and the thus collimated light is split into three beams by 
the diffraction grating 3. These beams are partly reflect- 
ed by the beam splitter 5, and the reflected beams are 
guided via the mirror 7 to be condensed by the objective 

20 8 and to be focused near a track 10 on the optical disc 
9. Light transmitted by the beam splitter 5 is changed into 
an electric signal by a light-quantity monitoring sensor 6. 
Light reflected by the optical disc 9 is again collected by 
the objective 8 to be incident through the beam splitter 

2S 5 into the Wollaston prism 11. The Wollaston prism 11 
splits the reflected light into a plurality of beams. The thus 
split beams are guided through the toric lens 1 2 for gen- 
erating astigmatism onto the sensor 1 3 functioning to de- 
tect RF signals and to detect servo signals. 

30 in the second embodiment, the spots on the optical 
disc 9 are arranged as shown in Fig. 1 1 . Specifically, the 
subspot SP2 and subspot SP3 are laid approximately on 
a same pit series or groove (or land) as the main spot 
SP1 is, and the separation Q in the radial direction of 

35 disc between the center of subspot SP2 or SP3 and the 
center of the main spot is set to 0.4 jam with a disc without 
grooves, while to about 0.7 urn with a disc with grooves. 
Then the main spot SP1 is used to perform recording 
and reproduction of information or to perform reproduc- 

40 tion of information. 

This setting is effected by rotation 4 about the optical 
axis of the diffraction grating 3 in Fig. 5, and the present 
second embodiment is so arranged, similarly as the first 
embodiment, that when the determination of whether 

45 there are grooves or not is made from the output from 
the sensor 13, a value of rotation 4 is mechanically 
switched between two locations indicated by the solid 
lines and the dotted lines, as shown in Fig. 10, for the 
location of the diffraction grating 3, thereby automatically 

50 switching the separation between spots as determining 
the type of disc from the output from sensor 13. 

Among the above setting values, Q = 0.7 urn was 
determined as follows. Namely, the track pitches domi- 
nating at present or in near future are 1 .6 urn and 1.39 

55 urn, and even taking account of that of the next genera- 
tion, the track pitch will be about 1 . 1 um. Thus, the setting 
value may be selected in the range of 0.55 to 0.8 urn if 
there are grooves. Further, the setting value is preferably 
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about 0.7 pm for any track pitch, which can secure the 
amplitude of tracking error more than 90 % ol the maxi- 
mum value of the tracking error signal obtained in the 
push-pull method. 

Therefore, the present second embodiment employed 
the above value. 

Next explained is detection of the tracking error sig- 
nal. 

The present second embodiment also involves the 
sensors and the spots on the sensors as shown in Fig. 
7. In Fig. 7, spots corresponding to the main spot SP1 
are three spots SP4, SP7, SP8 separated by the Wol- 
laston prism 11. Spot SP7 and spot SP8 have mutually 
orthogonal directions of polarization, and spot SP4 is a 
spot in which the two directions of polarization are mixed. 
Signals other than the tracking error signal are obtained 
as follows. 

focus error signal in the astigmatic method 

= (A1 + A3) - (A2 + A4) 

magnetooptical signal = D - E 

pit signal = D, E, D + E, A1 + A2 + A3 + A4 : or any 

combination from the preceding four 
signals 

The tracking error signal is obtained from a combi- 
nation of spot SP5 and spot SP6 corresponding to the 
subspot SP2 and subspot SP3 with spot SP4 corre- 
sponding to the main spot SP1 . The spot SP5 and spot 
SP6 are the same in terms of the direction of polarization 
as the spot SP4. 

When an optical disc is determined to have grooves, 
the tracking error signal is obtained from the circuit sys- 
tem shown in previous Fig. 8. Describing it in comparison 
with the conventional example, signals corresponding to 
TE1 , TE2, TE3 in Fig. 3 are given as follows. 

TE1 = (A1 + A4)-(A2 + A3) 
TE2 = B2 - B1 
TE3 = C2-C1 

Then matching gains, a final tracking error signal 
TE4 is obtained. Alternatively, TE1 may be employed as 
a final tracking error signal. 

With an optical disc without grooves, the tracking er- 
ror signal is obtained from the circuit system shown in 
Fig. 9. Namely, the tracking error signal is obtained as 
follows. 

TE0= (C1 + C2)- (B1 + B2) 
Since the present second embodiment provides al- 
most best conditions for the both types of discs with and 
without grooves, further stabler tracking servo can be ex- 
pected as compared with the first embodiment. 

As explained above, the apparatus of the present 
invention is so arranged that if a medium has tracking 
guide grooves, the operation of tracking follow-up is car- 
ried out based on the tracking error signal obtained from 
the signals extracted from the light-receiving elements 
so as to bisect the spots on the light-receiving elements 
by respective partings nearly perpendicular to the track- 



ing direction, for the main spot or three spots out of the 
three spots, and that if a medium has no tracking guide 
groove, the operation of tracking follow-up is carried out 
based on the tracking error signal obtained from a differ- 

5 ence between the output from the light-receiving element 
corresponding to the first subspot and the output from 
the light-receiving element corresponding to the second 
subspot, whereby the apparatus can obtain the sufficient 
amplitude of the tracking error signal, irrespective of 

10 presence or absence of grooves, thereby being capable 
of stably performing the tracking follow-up operation. 

Further, the separation between the spots in the di- 
rection (radial direction of disk) perpendicular to the track 
direction is set to the predetermined value in accordance 

15 with each of the types of recording media, whereby the 
apparatus can obtain the tracking error signal at high lev- 
el. 



1 . A detecting apparatus for detecting a tracking error 
signal in an optical information recording apparatus, 
comprising: 

25 

spot forming means for forming three spots of a 
main spot, a first subspot, and a second subspot 
on an optical information recording medium; 
light-receiving means for receiving reflected 
light from the three spots of said main spot, said 
first subspot, and said second subspot, said 
light-receiving means having light-receiving ele- 
ments corresponding to the respective spots; 
first detecting means for detecting a tracking 
error signal, using an output from the 
light-receiving element corresponding to said 
main spot or using outputs from the light-receiv- 
ing elements corresponding to the three spots 
of said main spot, said first subspot, and said 
second subspot, if there is a tracking guide 
groove in said optical information recording 
medium; and 

second detecting means for detecting a tracking 
error signal, using an output from the 
light-receiving element corresponding to said 
first subspot and an output from the light-receiv- 
ing element corresponding to said second sub- 
spot, if there is no tracking guide groove in said 
optical information recording medium. 

2. A detecting apparatus for detecting a tracking error 
signal in an optical information reproducing appara- 
tus, comprising: 

spot forming means for forming three spots of a 
main spot, a first subspot, and a second subspot 
on an optical information recording medium; 
light-receiving means for receiving reflected 
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light from the three spots of said main spot, said 
first subspot, and said second subspot, said 
light-receiving means having light-receiving ele- 
ments corresponding to the respective spots; 
first detecting means for detecting a tracking 
error signal, using an output from the 
light-receiving element corresponding to said 
main spot or using outputs from the light-receiv- 
ing elements corresponding to the three spots 
of said main spot, said first subspot, and said 
second subspot, if there is a tracking guide 
groove in said optical information recording 
medium; and 

second detecting means for detecting a tracking 
error signal, using an output from the 
light-receiving element corresponding to said 
first subspot and an output from the light-receiv- 
ing element corresponding to said second sub- 
spot, if there is no tracking guide groove in said 
optical information recording medium. 

An apparatus according to claim 1 which is also 
capable of reproducing information recorded on the 
recording medium. 

The apparatus according to any one of the preced- 
ing Claims, wherein each of said light-receiving ele- 
ments has a first segment and a second segment 
separated by a parting substantially perpendicular 
to a tracking direction. 



7. The apparatus according to any one of Claims 1 to 
3, wherein on said optical information recording 
medium said first subspot and said second subspot 
are formed at equal intervals on either side of said 
main spot. 

8. The apparatus according to Claim 7, wherein a sep- 
aration in a direction perpendicular to a track direc- 
tion between the center of said main spot and the 
center of said first subspot on said optical informa- 
tion recording medium and a separation in the direc- 
tion perpendicular to the track direction between the 
center of said main spot and the center of said sec- 
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5. The apparatus according to Claim 4, wherein said 
first detecting means detects the tracking error sig- 
nal from a difference between an output from said 
first segment and an output from said second seg- 35 
ment. 



The apparatus according to any one of Claims 1 to 
3, wherein said second detecting means detects the 
tracking error signal from a difference between the 
output from the light-receiving element correspond- 
ing to said first subspot and the output from the 
light-receiving element corresponding to said sec- 
ond subspot. 
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ond subspot on said optical information recording 
medium are set to be between 0.48 u m and 0.60 urn. 

9. The apparatus according to any one of Claims 1 to 
3, further comprising determining means for deter- 
mining whether there is a tracking guide groove in 
said optical information recording medium. 

10. The apparatus according to Claim 9, further com- 
prising changing means for changing the separation 
in the direction perpendicular to the track direction 
between the center of said main spot and the center 
of said first subspot or said second subspot on said 
optical information recording medium, based on a 
result of determination by said determining means. 

11. The apparatus according to Claim 10, wherein said 
changing means changes the separation in the 
direction perpendicular to the track direction 
between the center of said optical spot and the^ 
center of said first subspot or said second subspot 
on said optical information recording medium to 
about 0.4 fim if there is no tracking guide groove in 
said optical information recording medium and 
changes the separation in the direction perpendicu- 
lar to the track direction between the center of said 
main spot and the center of said first subspot or said 
second subspot on said optical information record- 
ing medium to an arbitrary value between 0.55 \xm 
and 0.8 u.m if there is a tracking guide groove in said 
optical information recording medium. 

12. An optical information recording apparatus, com- 
prising: 

spot forming means for forming three spots of a 
main spot, a first subspot, and a second subspot 
on an optical information recording medium in 
order to perform recording and/or reproduction 
of information; 

light-receiving means for receiving reflected 
light from the three spots of said main spot, said 
first subspot, and said second subspot, said 
light-receiving means having light-receiving ele- 
ments corresponding to the respective spots; 
determining means for determining whether 
there is a tracking guide groove in said optical 
information recording medium; and 
changing means for changing a separation in a 
direction perpendicular to a track direction 
between the center of said main spot and the 
center of said second subspot on said optical 
information recording medium, based on a 
result of determination by said determining 
means. 

the center of said main spot and the center of said 
first subspot or said second subspot on said optical 
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information recording medium to an arbitrary value 
between 0.55 um and 0.8 um if there is a tracking 
guide groove in said optical information recording 
medium. 

5 

13. An optical information reproducing apparatus, com- 
prising: 

spot forming means for forming three spots of a 
main spot, afirst subspot, and a second subspot 10 
on an optical information recording medium in 
order to perform recording and/or reproduction 
of information; 

light-receiving means for receiving reflected 
light from the three spots of said main spot, said is 
first subspot, and said second subspot, said 
light-receiving means having light-receiving ele- 
ments corresponding to the respective spots; 
determining means for determining whether 
there is a tracking guide groove in said optical 20 
information recording medium; and 
changing means for changing a separation in a 
direction perpendicular to a track direction 
between the center of said main spot and the 
center of said second subspot on said optical 
information recording medium, based on a 
result of determination by said determining 
means. 

14. An apparatus according to Claim 12 capable of 30 
reproducing information recorded on the recording 
medium. 

15. The apparatus according to any one of Claims 1 2 to 

14, wherein said spot forming means comprises a 35 
semiconductor laser and a diffraction grating for 
splitting a light beam from said semiconductor laser 
into three light beams. 

16. The apparatus according to Claim 14, wherein said 40 
changing means changes an angle of rotation of 
said diffraction grating. 

17. A detecting apparatus for detecting tracking error 
signals from an optical information recording 4S 
medium comprising means for forming a plurality of 
spots of radiation on the medium; means for detect- 
ing radiation reflected from the medium; and means 

for choosing between the radiation from the spots or 
for varying the distance between the spots to deter- so 
mine tracking errors dependent on whether the 
recording medium has tracking grooves. 

18. A detecting method for detecting tracking error sig- 
nals from an optical information recording medium ss 
comprising the steps of: 

forming a plurality of spots of radiation on the 



medium; 

detecting radiation reflected from the medium; 
and 

choosing from the reflected radiation or varying 
the distance between the spots dependent on 
whether the recording medium has tracking 
grooves to determine tracking errors. 
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